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INDUSTRTAL UTTLIZATION OF MILX BYwBREDH&ES,l/

Wedltem.Gs Gordon-ond. D
Fasters Regional: ] Or
Phlludelphla 18, Peﬁnsvuvanla
United States of Americe.

,'humun consumntion communds a prlce far. in excess of the price. ob~
ny ‘other purpose, most of the milk produced is utilized directly
rin the manufacture of vurious food productse.. The dairy industry has
sserys however; to look for non-food outlets, for certain milk by~
or. the ocua51onal surplus of whole Milko The present paber dis—

rew hat jiala

Milk Production end Milk By-products

Toval milk,productlon in the United States increased from about 109 billion pounds
in 1939 %o neeriy 122 billion pounds in both 194l ‘and 1945, Total production in
19h7.was 20 bijiiion pounds, Approximately 4O peropnt of the total milk produced -
is normally separ&ted to obtain cream for making butter, The skim milk obtained
in this ménner &nd that from which crean has been spnarated for direct consumption
and for ice cream, make a total of about ;8 biilion pounds ennually, In eddition
to this large quantity of skim milk, approximately 3 billion pcunds of buttermilke-
hav1ng_ pproximately the composition of skim milkuwresult from the manufacture of
creamery but‘ber0 -The 10 billion nounds of . whoy Uroduced by the bheese manufcuw

_nnual productlon of apprcx1mute1y 60 billlon pounda of skim milk; whey
and butt fmllk contains nmore than § billion nounds of non-fat milk solids, thet
; 55 pprcent of all the m11k solids urcduced 1n the United Stateso Tkese

The. greatveconcnlc loss 1n bv—nroducts — skimfmilk; buttermilk and whey -- is

’ 0 ! han by ectual wastage. Most
5. only:. potentlallv aveila
" fed to-farm animels,” eith
rme . Considerable quun+1~
rt is now fed dlrectlv to
{ary feeds.

turing DUrpPCSes o Neur;y all b’"t
fral oondltlon cr in a bemisol”

of milk products, greatest.
v by~nrcducts ~e« skim milk end
ng new and expanded vrofitable
Whey. proteins (Table I),




ieny. substances: obteinable from whey by ferment sotion,; those that may
in yields sufflclent to warrant con81derat:on for comercial product
c, cltrlc, acetlc, propionic, end butyrlﬂ acldS, ethanol, butanol, a 1
methyl carbinol, and ribeflavin (22)s+ The only fermentation prcducts being- manuuf
fectured ‘at present from whey in the United Stutes are lactic acid, ethanol,
vinegor g r1boflav1n,'and butanol,

Lactic acid is produced commercially: from whey with a mixed culture of a Jacto
bavillus and & myccderm (82}, The process is efficient since the yield is morse
than Oo 9 “pound of lactic acid for each pound -of lactose,

‘The principal uses of lactic acid are in the leather industry, where it is em~:
ployed to delime hides,; and in focds and beverages: The function of lactic aoid'
in. food products is to give an acid "tang" to m“terlals such as sherbets, fruit
preparations, cnnfectlons. pickles, end carbon“ued beverageso Calcium lactate’ is
employed in baking pewder, foods and phermaceuticals to introeduce calcium for
nutrition., Sodium lectate is useful in industry becamse of its viscosity in
solution and its ability to absorb and hold atmnspheric moistures Sodium lao»atef
solutions have been substituted for glycerol in textile printing and in panermakln’
Because it corrects acidosis yet. does nct oroduce alkalosis, it is sometimes used’
for indigestion. It acts es & buffer in preventing undesirable recectims and de-
campositicn of certain drugs in the alimentary tracte By & relc ~tively new nrocess,?
copper leuctate can be used to electroplate any desired colers Iron luctate fur--
nishes iron in nutrition. Veariocus metal lectates have found use as mordants.

Leactic -acid, 'a versatile chemicel by virtue of its two functicnal groups, cean-be -
converted into various products of actuel or potential industrial importance 6).
These include: solvents, plasticizers, alkyd resins, low pressure leminating resins,
~of the allyl type, vinyl dolymsrs and copolymers, humectants,. insect repellents,.
and acrylic¢ esters. Thc accylic es¥ers can be tr&nsformed by polymerizavion or:
copalylicrization LﬁtQ polyneric plasticizers, rvgld plastics, and elastomers, 'Lhe,
acrylic elastomers, Lactoprenc EV and.Hycar PA, are superior to most rubbers ian”
_resistence. to deterioration ccused by heat, oxidation, light, ozcne, mineral oils,:
‘and repeated: flexing. ’ ' -

Ethyl alcchol can be made from whey in 8l to S0 percent of the theoretical ylel H
bv' yeasts” uch ‘&g Torule remdr:sa The protein, svent yesst, and dlatlilnflnn
‘residues are suituble £r Teed,  In meling spirit vinegor from whey alcohol,:the,
dilute olcoholiis ellewed to trickle over beech shav:ﬂgs or birch twigs impreg-:
nated’ with the ncetic acid crgenism, Possege of air.through the vineger converter
aocelorutes tne fermentation (22). ' ' ' )

The tot&l nroductzun of industrial elcohel in 1q¢5 ¢nd 1944 in the United States
was more! then 500 and 200 millicn wine galleons, respestively (1, 2)s The numerous’
flndustrlal chemicn1s obtelvvhle from ethanol hnve been summarized by Hatt (10)

‘The riboflavin“content of whey can be increased by fermentation with ULlosSTriGaun
acetobutylloumu A yield of at leust 30 nmicrograns ‘ribaflevin per gram of (WAE,
can .be, 3btal eds About 30 percent of the lactese. is:converted during the fermen
-tatlon into glcohols &nd acetone. Two~thirds c¢f these compounds- is butanol whij
ly“vuluuble for .recovery. by Aistillution. Butancl is in great démend
cint- for meking many industrial products,flncludlng esters o ol

1vents and plasticizers.
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in Adhesives '(21)1=~Solutions of chsein’in alkalies containing enought
e protein to give a suitable viscosity can be used as. glue. Such a glue
cal ires favorably in strength with enimel glue, but is not water resistants
‘A considerable degree of .resistance to Water can be imparted to casein gluey
however, by modifying the simple formule, - end ‘these improved casein glues hav
proved. to be widely useful in industrye Prepered casein glues are sold in the.
form;df dry mixtures requiring only the addition of water before usee. They:
sre usually composed of casein, lime and o number of alkaline salts. Variousy
chemicals have been used to improve the property of ‘water resistance, and many
different colloidal meterials with adhesive properties can be mixed with casein
+to modify the properties of the resulting glue, It has thus been possible to,
adapt casein gluss to e veriety of specialized uses in industryo. '

Casein glues are used in the woodworking industry, in gluing paper and in many
other fields, -

Cesein Paints (21):=~The use ~f. casein as & vehicle or binder for paint dates
Teck TO ancient times, llodern casein peints consist essentinlly of aqueous |
alkaline dispersiuns of casein as & vehicle plus suitable pigments. Harketed.
either in the form of a dry powder or as & soft paste, casein paint mixtures .
require cnly the additicn ~f weter before application. Newer points of this )
type, that is, paints to be thinned with water, ere emulsion paints in which the
liquid pertison is an oil-in-wuter ermulsion and cosein is the emulsifying agent
to prevent separation of the liquid phases. Each of these paints=~dry powder
casein peint, paste casein paint and -»il-containing casein peint-~possesses
certain adventages, and all are used extensively. In both cost and utility,
casein peints stend between caleimines and flat cil paintse

Cosein Fiher:--llethods for the conversion ~f smorphous proteins into fibers
Tave Long been known. In 1898 Millar vrepured protein fibers by extruding
heated protein-water mixtures into nir, and in the following yeuar he abtained
tws patents covering nenufscture of & casein fiber by spinning a 50 percent
soluticn of casein in glacial acetic poid into air, Shertly efterwerd Toden-.
haupt made casein fibers by extruding an alkaline solution of casein intc an-
acid bath. ' '

Present-day methods for spimning alkaline soluticns . of prcteins, which are’
larzely due tc the investigetions of Ferretti, Whittier and Gould, and Abtwoody
represent refinements ~f this early work. A recent paper by Peterson, et ald’
(18) reviews ‘the nreceding developments end evaluates scme -of the facters '
contributing to the strength of casein fiber.

Casein fiber is produced essentially as follows. An. equecus alkaline solution
of casein of suitable viscosity is extruded through the snall holes of & -
spinneret into-a coagulating bath containing acid and salts. The conbtinucus,
‘cosein. filements so produced are then subjected to varicus treatments, which.
moy include stretching, hardening (or temning) with formaldenyde and al cmsnam
galts, and acetylation, The fiber. is then cut into the desired staple lengthe
Alternatively, acoording to a recent renort from-this Laboratery (19), it is
possible by an accelercted hardening prccess and the utilization of the centri-:
fuggxlﬁotfempleyed'iﬁ reyon spinning, to produce a continuous~filoment, silk-
1ike, ‘casein yorn. ' S



into ative

mith im oved 'resistonce to water.

1" Wos ed” with

acid énhydrides (9), higher fatty acid chlorides (8), potassium cyanate:
with formgldehyde and orgenic plasticizer (11). Some -success has attended:
effortss . S ' o

Miscellsnecus Uses ol Lasein (l}):~~Casein is used .in seasonings and pigment: finishét
1A the leather inqustry, in finishing ond sizing operctions in the textile industrv.
as o spreader, sticker and emulsifier in insécticideés, as an emulsifying egent in:
emulsion polymsrizatinn of'synthetic.rubber;jaéjan adhesive for rayon ocord in . .~
rubber tires, as a binder in printing inks;-as”a-réw.material'for the nroducticn

of protein hydrolyzates of high biological value, and for many other purposes.

>

Whey Proteins

The whey proteins, which remain in skim milk after casein has been removed, have

not generally been considered &s individual substancés hut have heen desipgnated as °
" gotalbumin't or heatwcoaguleble proteins of whey. It has been lmown for some time,-
however, thut whey contains globulin as well as nlbumin and smaller quantities of .
Jess. well defined proteims, Thus, in 193l Palmer (16) isolated from the albumin
fraction of milk whey a crystslline protein, jnsoludle in water but soluble in

very dilute salt solution, to which the neme beta-~lsctoglobulin was assigned (3).
The yield of uniform crystalline material was os much as 0,18 percent (about 35
nercent of the totel coagulable protein or ‘about 60 percent of the total albunin
fraction). It is now believed that beta-lactoglobulin is the mejor component of-

the whey proteins, and that slbumin (17), globulin'(17) and conjugoted proteins

(20) are present in smaller emounts. ' '

The »roteins in whey, although present to the extent of only 0e6 percent, repre-
sent ancther nossible source of industrial proteine. At present these proteins are- -
not separcted from whey in large quontities, Limited emounts, are nreparel as '
heat-coazulated protein, which is incorpcrated into feeds or hydrolyzed to amino
acid mixtures of excellent nutritive quality. Since some 50 millicn pounds of .
~protein occur in whey, which is either used in stock feeds cr wasted; many attempts:
toward the cormmercial recovery of this potentially useful protein have been medes
Recent efforts in this direction mey he illustrated hy the investigations of
McMeekin, Gorden, end Leviton. HMelleekin (1L) showed that orgenic sulfates and
~sulfonstes of sufficiently high carben content, such as dodecyl sulfate, were ex-
cellent vwrecinitunts for whey nroteins; Gordoen (7) proposed the use of hexemetaphoss
pharic acid for the isolaticn of water-scluble whey proteine ‘Neither of these o
methols, however; hes found -cormercial applicatione. In'a different approach to
the problem, Leviton (12) hes suzzested the use of dried whey or dried skim milk
for the nrezaration of soluble whey nrotein, The lactose in dried whey is extracted
with ethanol, leaving the residual whey nroteins in water-soluble form, Dried skim
"milk may serve cs the source of a similar oroduct, but details of this method have :
riot yet been published (12). lore efficient utilization of whey nrotein awaits
‘the discovery of some inexpensive method for separating the meterial in a com~
merciglly useful forme T e
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